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(54) Pulsed interrogation signalin harmonic EAS system 



(57) An electronic article surveillance system 
includes generating circuitry for generating an interro- 
gation signal. The generating circuitry includes an Inter- 
rogation coil for radiating the interrogation signal in an 
interrogation zone. A marker is secured to an article 
appointed for passage through the interrogation zone, 
and includes an active element for generating a marker 
signal including harmonic signal components at har- 



monics of an operating frequency of the generating cir- 
cuitry Detecting circuitry detects the harmonic signal 
components of the marker signal generated by the 
active element. The generating circuitry generates the 
interrogation signal in the form of discrete pulses and 
the detecting circuitry is operated concurrently with the 
generating circuitry 
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Description 

RELD OF THE INVENTION 

This invention relates to electronic article surveil- 
lance (EAS) systems and. in particular, to such systems 
in which EAS markers are detected on the basis of har- 
nnonic perturt^ations of an interrogation signal. 

PACKGRQUND QF THE INVENTION 

It is well known to provide electronic article surveil- 
lance systems to prevent or deter theft of merchandise 
from retail establishments. In a typical system, markers 
designed to interact with an electromagnetic field 
placed at the store exit are secured to articles of mer- 
chandise. If a marker is brought Into the f iekJ or Interro- 
gation zone", the presence of the marker is detected 
and an alarm is generated. Some markers of this type 
are intended to be removed at the checkout counter 
upon payment for the merchandise. Other types of 
markers are deactivated upon checkout by a deactiva- 
tion device which changes an electromagnetic charac* 
teristic of the marker so that the marker will no longer be 
detectable at the inten'ogation zone. 

One type of magnetic EAS system is referred to as 
a "harmonic" system because it is based on the princi- 
ple that a magnetic material passing through an electro- 
magnetic field having a selected frequency disturbs the 
field arid produces harmonic perturbations of the 
selected frequency. The detectk)n portion of the system 
Is tuned to recognize certain harmonic frequencies, 
and, if such frequencies are present, an alarm is actu- 
ated. Examples of harmonic EAS systems are dis- 
closed in, e.g., U.S. Patent Nos. 5,387.900 and 
4,859.991 . The assignee of the present application cur- 
rently markets EAS systems of the harmonic type under 
the trademark •'AISLEKEEPER^ 

Although harnrK)nic EAS systems have been suc- 
cessfully deployed and operated. Improvement in the 
performance of such systems rennairis desirable. In par- 
ticular, in such systems there is an inevitable trade-off 
between reliability in detecting active markers in the 
interrogation zone and susceptibility to false alarms. 
Significant effort has been devoted to Improving the 
ratio of reliability in detection to false-alarm susceptibil- 
ity. 

Another factor that must be taken into consideration 
Is how strong an interrogation signal f iekJ may permissi- 
bly be gena-ated. The latter fector has become increas- 
ingly important as regulatory authorities have proposed 
reductions in the strength of the signals transmitted by 
EAS systems. Much of the research effort has been 
directed to new developments in filtering or other signal 
processing techniques to be applied to the signal 
received in the EAS system, so that reliability can be 
enhanced or maintained in the face of reduced interro- 
gation signal levels, and without increasing false 
alarms. 



Examples of some difficulties encountered in relia- 
ble detection of harmonic EAS markers will now be dis- 
cussed with reference to Fig. 1 . 

A conventional Interrogation signal used in har- 

5 monic EAS systems, in the form of a continuous low-fre- 
quency sinusodai signal, is shown as trace 10 in Rg. 
1(a). A typical frequency for the intenrogation signal is 
73.125 Hz. When a marker is present in the interroga- 
tion zone, and the level of the interrogation signal at the 

10 point in the f iekJ where the marker is located reaches a 
certain positive or negative amplitude level, an active 
element in the marker is caused to "switch", i.e., to 
change its magnetic polarity. These points in the intenro- 
gation signal cycle are indicated by the vertical dotted 

IS lines in Fig. 1 (a). When the marker switches, it causes a 
relatively sharp perturt>ation or "spike" in the field 
fbrnied by the Interrogation signal. These spikes (indi- 
cated by reference numeral 12 in Fig. 1(a)) are rich in 
harmonics of the interrogation signal frequency, and 

20 can be detected by suitably tuned receiving equipment. 
Some of the difficulties encountered in harmonic 
EAS systems result from variatk)ns in the effective inter- 
rogation signal level from location to location within the 
interrogation zone. For example, in a typical system 

25 installation in which interrogation signal transmitting 
antennas are provided on opposite sides of a store exit, 
the inten-ogation signal field is strongest in locations that 
are dose to one of the transmitting antennas, and is 
weakest at a central location that is substantially equi- 

30 distant from the antennas. 

Trace 14 in Fig. 1(b) is indk»tive of the effective 
interrogation signal level at a point in the interrogation 
zone where the signal is lower in amplitude than the sig- 
nal shown in Rg, 1. As indicated by the vertical dotted 

55 lines in Fig. 1(b), a marker exposed to the signal repre- 
sented by trace 14 will switch at a point in the signal 
cycle that is doser to the peak of the cyde than was the 
case for a marker exposed to the higher-amplitude sig- 
nal of Fig. 1(a). In conrparing the marker switching 

40 points in Fig. 1(b) to those of Fig. 1(a). it will be 
observed that in Fig. 1(b) the gradient of the interroga- 
tion signal Is lower at the switching points than in Rg. 
1(a). As a result, the marker switches more slowly, and 
produces a marker signal (indicated by spikes 16) that is 

45 tower in amplitude than the spikes 12 of Fig. 1(a). The 
relatively low-amplitude spikes 16 of Fig. 1(b) are more 
diffknjtt to detect than the higher-amplitude and sharper 
spikes 12 of Fig. 1(a). 

Another difficulty which results from the variation in 

50 field strength within the interrogation zone (and as also 
illustrated in Figs. 1 (a) and 1 (b)) is variation in the timing 
of the marker signal from cycle to cyde of the inten-oga- 
tion signal, as the marker is earned between locations of 
varying field strength. Because of this variation or "jitter" 

55 in the timing of the marker signal relative to the inteiro- 
gation signal, it can be difficult for the receiving equip- 
ment to distinguish between the marker signal and 
random noise impulses. Also, it becomes necessary to 
operate the detection equipment either continuously or 
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throughout large portions of the interrogation signal 
cycle. This increases the IlkelihoocI that the detection 
equipment will generate faJtse alarms in response to 
noise. 

It could be contemplated to increase the amplitude 
of the interrogation signal in order to move the marker 
switching point further away from the peak of the inter- 
rogation signal cycle, thereby increasing the amplitude 
of the marker signal even when the nriarker is at a rela- 
tively low-strength portion of the intemogation field. It will 
be understood that the increased field strength itself, 
and also the larger gradient of the intenrogation signal at 
the switching point, would both contribute to increase 
the amplitude of the marker signal. However, the above- 
mentioned regulatory constraints place limits on the 
amplitude of the radiated interrogation signal. 

Another possible solution woukj be simply to 
reduce the width of the inten-ogation zone (i.e., by mov- 
ing the transmit antennas closer together), so that the 
signal at the point of minimum strength would be of 
higher amplitude, but this cannot be done without 
reducing the widtii of the store exit, which would cause 
inconvenience for store patrons and would not be 
acceptable to retailers, who are the customers for EAS 
systen^. 

It could also be contemplated to increase tiie fre- 
quency of tiie interrogation signal (witiiout increasing 
the amplitude), which would provide a higher gradient of 
the inten'ogation signal at the marker switching point, 
thereby increasing the amplitude and sharpness of tiie 
marker signal. But applicable regulations again come 
into consideration, because at higher frequencies tiie 
maximum permissible field strength is lower. This would 
make it necessary to reduce tiie signal amplitude if tiie 
frequency were increased, so that tiie widtii of the inter- 
rogation zone would have to be reduced. As noted 
above, this would not be acceptable to customers for tiie 
system. 

OBJECTS AND SUMMARY OF THE INVEimON 

It is accordingly an object of tiie invention to provide 
a harmonic EAS system in which markers can be 
detected more reliably 

It is a further object of tiie invention to provide a har- 
monic EAS system with reduced susceptibility to false 
alarms. 

It is anotiier object of the invention to produce a 
harmonic EAS system in which higher-amplitude 
marker signals are generated. 

It is still another object of the invention to provide a 
harmonic EAS system in which the timing at which 
marker signals are generated, relative to an interroga- 
tion field signal, can be predicted with greater precision 
than in existing systems. 

It is yet a further object of the invention to provide a 
harmonic EAS system that is less subject to disruption 
by ambient Interference signals tiian existing systems. 

Still a further object is to maintain or improve sys- 



tem performance while reducing the strengtii of tiie 
inten-ogation field signal. 

According to a first aspect of the invention, there is 
provided an electronic article surveillance system 

5 including generating circuitry for generating an interro- 
gation signal, the generating circuitry including an inter- 
rogation ooil for radiating tiie interrogation signal in an 
interrogation zone, a marker secured to an article 
appointed for passage through the inteaogation zone, 

10 tiie marker including an active element for generating a 
marker signal including harmonic signal components at 
harmonics of an operating frequency of tiie generating 
circuitry, and detecting circuitry for detecting the har- 
monic signal components of the marker signal gener- 

is ated by the active element, wherein tiie generating 
drcuitiy generates the interrogation signal in tiie form of 
discrete pulses. 

Further in accordance with tiiis aspect of tiie inven- 
tion, the detecting drcuitry operates to detect tiie 

20 marker signal generated by the active element concur- 
rentiy witti times during which tiie disaete pulses are 
generated by tiie generating circuitry. Moreover, tiie 
detecting circuitry may be an-anged so that it does not 
operate to detect the marker signal at times that do not 

25 correspond to the discrete pulses. The discrete pulses 
may be such that each one has a pulse lengtii that 
defines tiie operating frequency of the generating 
means, with all the pulses being equal in pulse length. 
The pulse length may have a duration tiiat is witiiin a 

30 preferred range from at least about 2 milliseconds to no 
more than about 20 milliseconds. Furthermore, the gen- 
erating circuitry may operate to provide between each 
pair of successive pulses a time gap tiiat has a duration 
at least as long as. and possibly five times as long as, 

35 the pulse length of the pulses. Each pulse may be 
formed so tiiat it is one cycle of a sinusoidal signal or a 
triangular wave. Also, the discrete pulses of the interro- 
gation signal may be generated according to a binary 
code pattern so tiiat a cyde of tiie interrogation signal is 

40 generated in each time period corresponding to a "1" 
value of tiie binary code pattern, and a pause in tiie 
interrogation signal is formed in each time period con^e- 
sponding to a "0" value of tiie binary code pattern. 
Still furtiier, the EAS system provided in accord- 

45 ance with tiiis aspect of tiie invention may include cir- 
cuiti-y for determining a level of tiie detected marker 
signal, and the generating circuitry may selectively vary 
a level of the pulses of the inten'ogation signal according 
to tiie determined level of the detected marker signal. 

so For example, the generating drcuitry may be operated 
to reduce the level of the pulses of tiie inten-ogation sig- 
nal when the level of the detected marker signal 
exceeds a predetermined threshold value. 

Still further in accordance witii this aspect of the 

55 invention, tiie system may include interference detect- 
ing circuity for detecting a periodically recumng noise 
signal present in the interrogation zone, and the gener- 
ating drcuitry may be operated to adjust a timing at 
which tiie pulses of tiie interrogation signal are gener- 
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ated 80 that the pulses do not coincide with the periodi- 
cally recumng noise signal. The periodically recurring 
noise signal may have a timing that corresponds to the 
power line operating frequency. 

According to another aspect of the invention, there 
is provided a method of operating a harmonic EAS sys- 
tem, including the step of generating a harmonic EAS 
system interrogation signal in the form of discrete 
pulses. Further in accordance with this aspect of the 
invention, the method may include detecting EAS 
marker signals concun'ently with the discrete pulses of 
the inten'ogation signal, and refraining from detecting 
marker signals at times that do not correspond to the 
discrete pulses. 

By operating the transmitting circuitry of a harmonic 
EAS system in a pulsed or intermittent manner, the 
effective frequency, and thus the gradient of the interro- 
gation signal at the marker switching point, can be 
increased, without exceeding regulatory limits on the 
average radiated power of the transmitting circuitry. A 
hfiarker signal that is higher in amplitude, and therefore 
more easily detected, can thereby be produced. 

Furthermore, the pulsed generation of the interro- 
gation signal makes it possible to limit the time windows 
during which tag signal detection operations must be 
performed, thereby reducing the possibility that the sys- 
tem will generate a false alarm in response to impulsive 
noise. Moreover, litter" in the timing of the marker sig- 
nal can be reduced, thereby making it easier to distin^ 
guish between the marker signal and ambient noise. 

In addition, with the pulsed interrogation signal it 
becomes possible to shift the timing of the interrogation 
signal pulses relative to predictable noise (such as may 
be generated in relation to the power line signal) so that 
the timing of the marker signal is moved to a relatively 
low-noise time interval. Further, the amplitude of the 
pulses can be reduced when a high-amplitude "marker- 
like" signal is generated, to aid in distinguishing 
between actual markers and other objects (such as 
shopping carts) that mimic EAS markers. 

Still further, use of a pulsed interrogation signal 
makes it possible to operate the system at an over-all 
lower average power level, which permits the cost of the 
system to be reduced by decreasing the size of heat- 
sink structures on which transnv'tter power circuitry is 
mounted. 

The foregoing and other objects, features and 
advantages of the invention will be further understood 
from the following detailed description of prefen'ed 
embodiments and practices thereof and from the draw- 
ings, wherein like reference numerals identify like com- 
ponents and parts throughout. 

DESCRIPTION OF THE DRAWINGS 

Fgs. 1(a) and 1(b) are illustrations of interrogation 
signal and marker signal waveforms generated in con- 
ventional harmonic EAS systems. 

Fig. 2 is a block diagram of an EAS system pro- 



vided in accordance with an emkxxjiment the present 
invention. 

Rg. 3 is a waveform illustration of a pulsed interro- 
gation signal and a conesponding marker signal gener- 
5 ated by the system of Fig. 2. 

Rg. 4 illustrates, by way of comparison, inten'oga- 
tion and marker signals respectively generated in 
accordance with the Invention and in accordance with 
the prior art 

10 Rg. 5 illustrates a triangular-wave pulsed interroga- 
tion signal generated according to an alternative 
embodiment of the invention. 

Rg. 6 illustrates adaptive timing of inten'ogation sig- 
nal pulses; generated in accordance with a second 
15 alternative embodiment of the invention. 

Rg. 7 illustrates a coded-pulse interrogation signal 
generated in accordance with a third alternative embod- 
iment of the invention. 

20 DESCRIPTION O F PREFERRED EMBODIMENTS 
AND PRACTICES 

Emtxxiiments of the invention will now be 
described, initially with reference to Fig. 2. 

25 In Rg. 2, reference numeral 20 generally indicates 
a harmonic EAS system provided in accordance with 
the invention. The system 20 includes a transmit control 
circuit 22. a transmit antenna 24. a power amplifier 26 
connected between the transmit control circuit 22 and 

30 the antenna 24, a marker 28 including an active element 
30, a receive antenna 32. and a receiver circuit 34 con- 
nected to the receive antenna 32. Signal paths 36 and 
38 are provided between the transmit control circuit 22 
and the receiver circuit 34. 

35 The transmit control circuit 22 generates an inteiro- 
gation signal waveform that is amplified by power amp 
26 to form an antenna drive signal. The antenna drive 
signal is applied to energize the transmit antenna 24, 
which radiates a con'esponding interrogation signal, as 

40 indicated at 40, into an interrogation zone 42. 

The marker 28 is present in the inten'ogation zone 
42 and is exposed to the interrogation signal 40. The 
active element 30 of the marker 28 responds to the 
interrogation signal 40. by changing or "switching" mag- 

45 netic polarity, thereby causing perturt)ations in the mag- 
netic field formed by the inten'ogation signal. The 
perturbations are picked up at receive antenna 32 and 
fed to the receiver circuit 34. The receiver circuit 34 ana- 
lyzes the signal received at the antenna 32, detects the 

so perturt>ations caused by the active element 30. deter- 
mines that the marker 28 is present in the interrogation 
zone, and actuates an alami. 

Rg. 3 illustrates the interrogation signal generated 
in the system of Rg. 2. as well as the resulting marker 

55 signal. As seen from Rg. 3, the interrogation signal is 
made up of isolated pulses 44. each of which is sepa- 
rated from its respective preceding and succeeding 
pulses by a pause or time gap 46. 

According to the embodiment of the invention illus- 
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trated in Fig. 3, each of the pulses is a single cycle of a 
sinusoidal signal, having a pulse length tp which defines 
a nominal frequency f (= 1/lp) of the signal pulses. 
Each time gap has a duration of tpo which defines a rep- 
etition rate r (= 1/(tp + tpo)) at which the pulses are 5 
produced. 

When a marker 30 is present in the interrogation 
zone, marker signals 48 are generated at Etching 
points indicated by the vertical dotted lines in Fig. 3. The 
receiver circuit 34 need not be. and preferably Is not 10 
operated during the time gaps between pulses, but is 
operable during periods in which the pulses are being 
produced. The transmit control circuit 22 accordingly 
provides a synchronizing signal to the receiver circuit 34 
via the signal path 36, so that the timing of operation of is 
the receiver circuit 34 is synchronous with operation of 
the transmitter portion of the system. 

Referring again to Rg. 2, blocks 50, 52, 54 and 56 
represent functions carried out in the transmit control 
drcdt 22. The pulse length tp and the repetition rate r 20 
(corresponding to the inverse of (tp + tpo)) are respec- 
tively determined at blocks 54 and 52. The power line 
synchronizing block 50 is connected to the AC power 
supply line (not shown) and provides phase synchroni- 
zation of the pulse 44 (Rg. 3) with the power line signal. 25 
The transmit signal generating block 56 produces the 
interrogation signal waveform shown in Fig. 3 on the 
basis of the outputs of the blocks 50-54. The resulting 
waveform is then provided to the power amplifier 26 for 
generation of the desired antenna drive signal. 30 

it is to be understood that most or all of the func- 
tions illustrated by blocks 50-56 may be carried out 
using conventional digital circuitry, such as a suitably 
programmed microcontroller or microprocessor, cou- 
pled to the power anpllfler 26 through digttal*to-ahalog 35 
conversion circuitry (not separately shown). 

The antennas 24 and 32 may be the same as those 
used in conventional harmonic EAS systems, although 
the transmitter circuitry provided in accordance with the 
invention to drive the antenna 24 is arranged so as not 40 
to form a resonant circuit with the antenna 24. It is con- 
templated to provide two or more transmit antennas and 
two or more receive antennas. Some or all of the anten- 
nas may be used both for transmitting and receiving. 

In Rg. 4, the inten^ogation signal and marker signal 45 
waveforms produced in accordance with the invention 
as shown in Rg. 3, and the prior art interrogation signal 
and marker waveforms of Rg. 1(b), are presented 
together in combination, for ease of comparison. . 

In addition to features previously descrbed in con* so 
nection with Rgs. 1(b) and 3, Rg. 4 also shows a time 
intenral tci which represents a time interval from the 
zero crossing to the signal peak of the prior art interro- 
gation signal 14, during which period the marker signal 
1 6 may be produced, and a corresponding time interval ss 
tpi for the interrogation pulse 44, which is tiie time 
period within which a marker signal 46 may . be pro- 
duced in accordance with the invention. If desired, in tiie 
system provkied in accordance with the invention, the 
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receiver circuit 34 may be operated only during time 
windows of length tpi corresponding to tiie 'up slopes" 
of positive peaks and the "down slopes" of negative 
peaks of the pulses 44. By contrast, in prior art systems 
using the continuous interrogation signal waveform 14, 
tiie receiver circuit if not operated continuously, must 
be operated at least during windows of lengtii tci carr^ 
spending to tiie positive- and negative-going segments 
of tiie intenogation signal 1 4. It will be observed that tiie 
time period during which the inventive receiver circuit 
must be operated is much shorter than is required 
according to the prior art The shorter receiver operating 
window made possible by the present invention signifi- 
cantly reduces the system's susceptibility to noise. 

The time intervals indicated by the symbols tcj and 
tpj respectively con-espond to periods during which tiie 
continuous and pulsed interrogation signals are at or 
above the amplitude required to "switch" the marker. 

It will be observed that in Rg. 4 the conventional 
continuous-wave Interrogation signal 14 and tiie pulses 
44 are indicated as having substantially the same ampli- 
tude. However, the pulses 44, witii their high nominal 
frequency, provide a larger signal gradient at the marker 
switching point than the conventional intenrogation sig- 
nal, resulting in marker signals 48 having an amplitude 
Vp that is substantially higher than tiie amplitude Vc of 
tiie prior art marker signals 16. The marker signals 48 
are therefore much more readily detectable than the 
prior art signals 16. Further, as will be appreciated from 
the previous, comparison of tiie interval tcj with tiie 
Interval tpj, tiie marker signals 48 are much less sukq'ect 
to jitter as compared to the marker signals 16, which 
improves tiie ability of the Inventive EAS system to 
detect the marker signals. 

It is also Indicated In Rg. 4 that tiie repetition rate of 
the pulsed interrogation signal provided in accordance 
with the invention con-esponds to the frequency of tiie 
conventional continuous interrogation signal (t e-. the 
period tc of the continuous signal is equal to tiie sum of 
tiie pulse length tp and the duration of tiie time gap tpo). 
If it Is assumed that the conventional continuous signal 
is at the typical frequency of 73. 1 25 Hz, then tiie repeti- 
tion rate r of the pulsed interrogation signal in the exam- 
ple shown would also be 73.125 Hz. The nominal 
frequency of each pulse may be. for example, in tiie 
range of 400-500 Hz. producing a time gap duration tpo 
that is on tiie order of five times as long as the pulse 
length tp It will be recognized that a nominal signal fre- 
quency f of about 400-500 Hz corresponds to a pulse 
lengtii of about 2.0-2.5 milliseconds. 

Ottier combinations of pulse-lengtii and repetition 
rate are also contemplated. For example, a nominal fre- 
quency f as low as 50 Hz (i e., pulse length as long as 
,20 milliseconds) and a repetition rate r as low as 25 Hz 
are also contemplated. Furtiiermore, for tiie contem- 
plated range 50-500 Hz of the nominal frequency f, a 
ratio of time gap duration to pulse lengtii (tp(/tp) as low 
as 1 :1 is contemplated. A repetition rate r of 250 Hz or 
even higher is also contemplated by the invention. A 
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preferred range for the repetition rate r is about 50 to 
100 Hz. 

It is also contemplated to provide pulses that are 
shaped differently from the sinusoidal pulses shown in 
Figs. 3 and 4. For example, the transmit control circuit s 
22 of Fig. 2 could be arranged (e.g.. by suitable pro* 
gramming of a miaocontroller, which is not separately 
shown) to produce triangular wave pulses, as shown in 
Fig. 5. This waveform has the advantage of providing a 
fixed gradient, up to the peak of the signal, so that the io 
gradient at the marker switching point can be known In 
advance. Other pulse shapes may also be used, 
although it is desirable to avoid square waves or other 
pulse shapes (such as high-frequency sinusoids) that 
produce very high gradients. Although, in genera), a is 
steep gradient is desirable because the amplitude of the 
marker signal is enhanced, if the gradient is too steep 
then objects other than the marker 30 may, upon expo- 
sure to the interrogation signal, generate signals that 
cannot readily be distinguished from the marter signal. 20 
Such objects may include keys, key rings, coins or EAS 
markers intended for use with different systems. 

As has already been noted, the pulsed-signal har- 
monic EAS system disclosed herein provides the 
advantages of enhanced marker signal, reduced signal 25 
jitter, limited receiver operating window and relative 
ease of compliance with regulatory restraints related to 
interrogation signal strength. Another beneficial feature 
that may be provided in a pulsed-signal EAS system is 
adjustment of the position of the interrogation signal so 
pulses so as to avoid recurrent ambient noise signals. 
This feature will now be discussed with reference to Fig. 
6. 

Shown at the first horizontal axis in Fig. 6 are inter- 
rogation signal pulses 44 and repositioned pulses 44', ss 
the latter being shown in phantom. 

The waveforms shown at the second horizontal axis 
represent, respectively an AC power line signal (dotted 
line trace 60), and a noise signal (indicated by trace 62) 
with periodically recurring components 66 related to the 40 
power line signal. 

At the third horizontal axis in Fig. 6 there are shown 
marker signals 48. as well as shifted marker signals 48' 
corresponding to the shifted interrogation signal pulses 

A4\ 45 

At the last horizontal axis in Fig. 6, trace 64 is indic- 
ative of a signal, received at the receiver circuit 34 (Fig. 
2), and corresponding to a sum of the noise signal 62 
and the un-shifted marker signals 48. The shifted 
marker signals 48* are also shown in juxtaposition with so 
the signal trace 64. 

As will be well understood by those who are skilled 
in the art. the receiving circuitry of conventional har- 
monic EAS systems includes capabilities for storing, in 
the fonn of digital samples, several "fram^" (i.e., trans- ss 
mit signal cycles) of the signal received at the receive 
antenna, as well as the capability of analyzing the 
stored digital signals. According to the aspect of the 
invention illustrated in Fig. 6, the receiver circuit 34 (Fig. 
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2) is programmed to analyze the stored signal frames in 
order to detect recuning noise patterns such as the rel- 
atively high amplitude and quasi-periodic noise bursts 
66 shown as part of trace 62. It will be observed that the 
noise bursts 66 are correlated with the beginning of the 
positive-going phase of the power line signal 60. The 
noise bursts 66 occupy about 25% of the power line sig- 
nal cyde. 

If the marker signals 48 happen to coincide with the 
noise bursts 66, the resulting signal, as shown in trace 
64. might not be recognized by the receiver circuit 34 as 
including a marker signal. However, if the transmit 
pulses are shifted, as shown at 44', so as not to coincide 
with the noisy part of the power line signal cycle, then 
the resulting shifted markers signals 48' can be readily 
detected in the "quiet" intervals between the recun-ent 
noise bursts. 

According to a prefened embodiment of the inven- 
tion, the receiver circuit 34 is operated to detect period- 
foally recurring noise, and upon detection of a recurrent 
noise signal, the receiver generates a feedback signal 
which is supplied to the transmit control circuit 22 via the 
signal path 38 (Fig. 2). In response to the feedback sig- 
nal, the transmit control circuit 22 shifts the timing of the 
interrogation signal pulses to avokJ the predicted occur- 
rence of the noisy part of the power tine signal cycle. Of 
course, the receiver circuit's "listening window" (i.e., the 
Interval during which the receiver operates to detect 
marker signals) is also shifted to correspond to the 
adjusted interrogatfon pulse timing. This may be done 
either in response to a signal provided t)y the transmit 
control circuit on signal path 36, or based on the antici- 
pated response of the transmit control circuit to the 
feedback signal. 

It will be noted that for purposes of illustration, the 
repetition rate of the inten'ogatibn signal is shown in Fig. 
6 as matching the power line signal frequency However, 
in a preferred embodiment, the repetition rate is 
selected to be different from the power line frequency, 
and is altered in phase when required to prevent the 
Interrogation signal pulse from coinciding with predicted 
noisy parts of the power line signal cycle. It should be 
understood that the pulse-shifting technique shown in 
Rg. 6 can also be applied to avoid recun'ent noise that 
is not con'elated with the power line signal. 

Still another advantageous technique that is made 
possible by use of a pulsed interrogation signal is illus- 
trated in Fig, 7. In the exannple shown in Fig. 7. the 
pulses of the interrogation signal are generated in 
accordance with a predetermined digital code, so that 
marker signals corresponding to the code are produced. 
Such coded marker signals can readily be distinguished 
from noise or other forms of interference, thereby 
inproving the ratio of the marker detection rate ("pick" 
rate) to the false alami rate. 

It will be noted from F\q. 7 that the pulses of the 
interrogation signal may consist of one or more than 
one signal cycle. Moreover, the iritervals between 
pulses are subject to variation, although such intervals 
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between cycles are constrained to be equal in duration 
with, or an integral multiple of, the pulse length. In the 
example shown in Rg. 7, the coding is performed by 
time interval, with each time interval being assigned a 
value of T or "X)". In the intervals having the value T, 
one cycle of the interrogation signal is generated; in the 
"0" value intervals, a pause occurs. Where two or more 
consecutive "1" inten/als occur, the signal pulse has a 
length that Is the corresponding multiple of the interro- 
gation signal cycle. Similarly, the length of each pause 
between signal pulses is determined by the number of 
consecutive "0** value Intervals. It will be noted that the 
marker signals are generated in a pattern that corre- 
sponds tx3th to the coded bit value and the interrogation 
signal. In the example shown In Fig. 7. it is assumed 
that the coded bit pattern is formed by continuously 
repeating the pattern "1 101001 1 10100". 

Of course, the polarity of the coded interrogation 
signal could be reversed, so that signal pulses corre- 
spond to 0*s and pauses correspond to 1 *s. 

As an alternative to, or in addition to, producing the 
intenogation signal in accordance with a binary code, 
the anrplitude of the interrogation signal pulses may be 
varied when the receiver circuitry detects a signal that is 
similar in shape to a marker signal, but has an ampli* 
tude in excess of a predetermined threshold level. Spe- 
cifically, the amplitude of tiie inten-ogation signal pulses 
may be reduced in such case, making it possible to dis- 
tinguish between signals that are In fact generated by a 
marker, and signals generated by objects such as shop- 
ping carts that may tend to generate signals that mimic 
marker signals In response to high-level interrogation 
signals. 

Although the invention has, Mp to this point, been 
desabed in terms of application to harmonic EAS sys- 
tems, it is also contemplated to employ a pulsed interro- 
gation signal in otiier types of EAS systems in which 
continuous interrogation signals have conventionally 
been employed. In such cases, operation of the system 
receiver circuitry is canried out concurrently with at least 
a portion of the interrogation signal pulses, and prefera- 
t)ly is inhibited during times when no irtterrogation signal 
pulse is being transmitted. 

Various changes in the foregoing apparatus and 
modifications in the described practices may be intro- 
duced without departing from the invention. The partic- 
ularly preferred methods and apparatus are tiius 
intended in an illustrative and not limiting sense. The 
true spirit and scope of the invention is set forth in the 
following claims. 

Claims 

1 . An electronic article surveillance system, compris- 
ing: 

generating means for generating an interroga- 
tion signal, said generating means including an 
interrogation coil fbr radiating tiie interrogation 



signal in an interrogation zone; 
a marker secured to an article appointed for 
passage tiirough said interrogation zone, said 
marker including an active element fbr generat- 

5 Ing a marker signal including harmonic signal 

components at harmonics of an operating fre- 
quency of said generating means; and 
detecting means for detecting said harmonic 
signal components of said marker signal gen- 

10 erated by said active element; 

wherein said generating means gener- 
ates saki interrogation signal in the form of dis- 
crete pulses. 

IS 2. An electronic article surveillance system according 
to claim 1. wherein said detecting means operates 
to detect sad marker signal generated by saki 
active element concun^ently with times during which 
said discrete pulses are generated by said generat- 
es ing means. 

3. An electronic article surveillance system according 
to claim 2, wherein said detecting means does not 
operate to detect said marker signal at times that do 

25 not correspond to said discrete pUlses. 

4. An electronic article surveillance system according 
to claim 1 , wherein each of said discrete pulses has 
a pulse lengtii that defines said operating frequency 

30 of sakJ generating means, all of saki pulses being 
equal In pulse length. 

5. An electronic article surveillance system according 
to claim 4, wherein each of sakJ discrete pulses has 

35 a pulse lengtii that is at least about 2 milliseconds. 

6. An electronic article surveillance system according 
to claim 5, wherein each of said discrete pulses has 
a pulse lengtii that is no more tiian about 20 milii- 

40 seconds. 

7. An electronic article surveillance system according 
to claim 4, wherein said generating means operates 
to provKle between each pair of successive pulses 

45 a time gap tiiat has a duration at least as long as 
said pulse lengtii. 

8. An electronic article surveillance system according 
to daim 7, wherein said time gap is at least five 

so times as long as sakJ pulse lengtii. 

9. An electronic article surveillance system according 
to claim 4. wherein each of said pulses is formed as 
one cycle of a sinusoidal signal. 

55 

10. An electronic article surveillance system according 
to claim 4. wherein each of said pulses is formed as 
one cycle of a triangular wave. 
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11. An electronic article surveillance system according 
to claim 1, wherein said generating means gener- 
ates said discrete pulses of said interrogation signal 
according to a binary code pattern. 

5 

12. An electronic article surveillance system according 
to claim 11, wherein a cycle of said inten'ogation 
signal is generated in each time period con-espond- 
ing to a T value of said binary code pattern, and a 
pause in said Interrogation signal is formed in each io. 
time period corresponding to a "0" value off said 
binary code pattern. 

13. An electronic article surveillance system according 

to claim 1 . further comprising means for determin- is 
ing a level of the detected marker signal; and 
wherein said generating means selectively varies a 
level of said pulses of said interrogation signal 
according to the determined level of said detected 
marker signal. 20 

14. An electronic article surveillance system according 
to claim 13, wherein said generating means 
reduces the level of said pulses of said interrogation 
signal when the level of said detected marker signal 25 
exceeds a predetermined threshold value. 

15. An electronic article surveillance system according 
to claim 1 . further comprising interference detecting 
means for detecting a periodically recumng noise so 
signal present in the Interrogation zone, and 
wherein said generating means adjusts a timing at 
which said pulses of said interrogation signal are 
generated so that said pulses do not coinckie with 
said periodically recunring noise signal. 35 

16. An electronic article surveillance system according 
to claim 15. wherein said periodically recurring 
noise signal has a timing that corresponds to a 
power line operating frequency. 40 

17. An electronic article surveillance system, compris- 
ing: 

generating means for generating an interroga- 45 
tion signal, said generating means including an 
interrogation coil for radiating the inten'ogation 
signal in an inten^ogation zone: 
a marker secured to an article appointed for 
passage through said inten'ogation zone, sakl so 
marker including an active element for generat- 
ing a marker signal; and 
detecting means for detecting said marker sig- 
nal generated by said active element; 

wherein said generating means gener- ss 
ates said inten'ogation signal in the form of dis- 
crete pulses and said detecting means 
operates to detect said marker signal gener- 
ated by said active element concurrently with 



times during which sakl discrete pulses are 
generated by said generating means. 

18. An electronic article surveillance system according 
to claim 1 7, wherein said detecting means does not 
operate to detect said marker signal at times that do 
not conrespond to said discrete pulses. 

19. An electronic article surveillance system according 
to dalm 17, wherein each of said discrete pulses 
has a pulse length that defines saki operating fre- 
quency of said generating means, all of sakj pulses 
being equal in pulse length. 

20. An electronic article surveillance system according 
to claim 19, wherein each of said discrete pulses 
has a pulse length that is at least about 2 millisec- 
onds. 

21. An electronic article surveillance system according 
to claim 20, wherein each of said discrete pulses 
has a pulse length that is no more than about 20 
milliseconds. 

22. An electronic article surveillance system according 
to daim 19, wherein saki generating means oper- 
ates to provide between each pair of successive 
pulses a time gap that has a duration at least as 
long as said pulse length. 

23. An electronic article surveillance system according 
to claim 22. wherein said time gap is at least five 
times as tong as said pulse length. 

24. An electronic article surveillance system according 
to claim 19. wherein each of sakJ pulses is formed 
as one cycle of a sinusddal signal. 

25. An electronic article surveillance system according 
to claim 19, wherein each of sakl pulses is formed 
as one cycle of a triangular wave. 

26. An electronic article surveillance system according 
to claim 17, wherein said generating means gener- 
ates sakj discrete pulses of sakJ interrogation signal 
according to a binary code pattern. 

27. An electronic article surveillance system according 
to daim 26. wherein a cycle of said interrogation 
signal Is generated in each time period correspond- 
ing to a "r value of said binary code pattern, and a 
pause in said intenrogatlon signal is formed In each 
time period corresponding to a "0" value of sakJ 
t^nary code pattern. 

28. An electronic article surveillance system according 
' to daim 1 7, further comprising means for determin- 
ing a level of the detected marker signal; and 
wherein sakJ generating means selectively varies a 
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level of said pulses of said inteirogation signal 
according to the determined level of said detected 
marker signal. 




40. A method according to claim 35, wherein each of 
said pulses is formed as one cyde of a sinusoidal 
signal. 



29. An electronic article surveillance system according 
to claim 28. wherein said generating means 
reduces the level of said pulses of said interrogation 
signal when the level of said detected marker signal 
exceeds a predetermined threshold value. 

30. All electronic article surveillance system according 
to daim 17, further comprising interference detect- 
ing means for detecting a periodically recurring 
noise signal present in the interrogation zone, and 
wherein said generating means adjusts a timing at 
which said pulses of said inten'ogation signal are 
generated so that said pulses do not coincide with 
said periodically recurring noise signal. 

31 . An electronic article surveillance system according 
to claim 30, wherein said periodically recurring 
noise signal has a timing that corresponds to a 
power line operating frequency. 

32. A method of operating a harmonic electronic article 
surveillance system, comprising the step of gener- 
ating a harmonic EAS system interrogation signal 
in the form of discrete pulses. 

33. A method according to daim 32, further comprising 
the step of detecting EAS marker signals concur- 
rently with said discrete pulses of said interrogation 
signal. 

34. A method according to daim 32, further comprising 

the step of refraining from detecting EAS marker 
signals at times tiiat do not correspond to said dis- 
crete pulses. 
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41. A method according to daim 35. wherein each of 
said pulses is formed as one cyde of a triangular 
wave. 

42. A method according to daim 32, wherein said dis- 
aete pulses are generated according to a binary 
code pattern. 

43. A metiTod according to claim 32. further comprising 
the steps of detecting an EAS marker signal and 
determining a level of ttie detected EAS marker sig- 
nal, and wherein said generating step indudes 
redudng a level of said discrete pulses when the 
determined level of said detected mariner signal 
exceeds a predetermined threshold. 

44. A method according to claim 32, furtiier comprising 
the step of detecting a periodically recumng noise 
signal present in an interrogation zone of said har- 
monic electronic artide surveillance system, and 
wherein said generating step indudes adjusting a 
timing at which sakl discrete pulses are generated 
so that said pulses do not coindde witii said period- 
ically recurring noise signal. 



35. Amethodaccordingtoclaim32, wherein all of said 40 
discrete pulses are equal in pulse length. 

36. A metiiod according to daim 35, wherein each of 
said disaete pulses has a pulse lengtii that is at 
least about 2 milliseconds. 4s 

37. A metiiod according to daim 36, wherein each of 
said discrete pulses has a pulse lengtii that is no 
more than about 20 milliseconds. 

so 

38. A metiiod according to daim 35, wherein a time gap 
is provided between each pair of successive 
pulses, said time gap having a duration at least as 
long as sakj pulse length. 

55 

39. A method according to daim 38, wherein said time 
gap has a duration at least five times as long as 
sakl pulse length. 
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